Abstract. With the emergence of pervasive technology, pervasive games came into existence. Most are location-aware applications, played with a PDA or mobile phone. We argue that the interaction paradigm these games support, limits outdoor play that often involves spontaneous social interaction. This paper introduces a new genre of pervasive games we call Head Up Games. The paper describes these games and how they differ from current research prototypes of pervasive games. Also, it outlines their characteristics and illustrates our vision with Camelot, an outdoor game for children.
Introduction
Computer games are often criticized for reducing players to interact with their fingers, sitting still at a screen, having limited possibilities for social interactions. With the development of pervasive technology the genre of pervasive games has emerged: " [a] genre in which traditional, real-world games are augmented with computing functionality, or, depending on the perspective, purely virtual computer entertainment is brought back to the real world" [4] . We are interested in outdoor games for children, with the emphasis on social gaming: i.e. games that support and stimulate social interaction between players.
There has been a wealth of pervasive games reported in related literature. Examples of outdoor games for adults are Uncle Roy All Around You [1] and Catchbob! [6] . These games are location-based games, played with a GPS and/or Wifi device. Mobile players use a small display (PDA or mobile phone) to show location and game-related information. Fewer cases exist of pervasive outdoor games specifically designed for children: two pioneering examples are Savannah [2] , and Ambient Wood [7] . In Savannah, children were equipped with PDA's with WiFi and GPS. A virtual savannah was overlaid on a school field, and children had to cooperate as "lions" to hunt the savannah. In Ambient Wood, children took a field trip in a wood that was augmented with mobile and fixed devices that provided contextually-relevant information. Each pair of children carried a PDA and a probe. The games mentioned above share three characteristics:
• Location Bound Infrastructure. The game narrative is supported by a location-specific investment of installation and maintenance of hardware, e.g., placing the devices in the forest for Ambient Wood. One may expect that in the future both the hardware and the infrastructure will be more readily available but for the time being creating such a mixed reality game narrative remains an expensive undertaking requiring considerable expertise and effort.
Moreover, assuming such infrastructure exists does not mean that spontaneous play at locations such as playgrounds, parks etc. becomes possible.
• Location awareness. All games assume a form of location awareness. However, GPS errors can adversely influence the game play, as has been noted in Savannah [2] . Nova et al. [6] report that players that used the automated location awareness tool did not perform better than other participants.
• PDA as gaming platform. Interactions with the virtual world are performed through a portable display, that acts as a window to the virtual world. This mode of interaction competes with the interaction between players and the physical world. Instead of looking at each other children have to walk head down attending to their devices.
Traditional and Head Up Games
Perhaps a good way to start discussing traditional outdoor children's games is by referring to a 16th century painting by Bruegel called 'Children's Games' 1 . Many of the games depicted are still played today, e.g.: tag, hide and seek or ball games. Traditional games have features in common: they require physical activity, and are played with little materials (like a ball, or a skipping cord). As these games are played with multiple players and are played in the same physical space, traditional games promote social interaction. Finally, the rules of traditional games are often few and simple. It is our assertion that it is feasible to transfer some, or all, of the features of traditional games to pervasive games and that this would lead to enjoyable and sociable gaming experiences.
Currently, the settings where children play games also mark a clear separation in the type of games that are played. Outdoor games require physical activity; indoor games are mostly played sitting down at a computer. We advocate a new class of games merging aspects of both worlds: games that can be played outdoors, requiring physical activity, and are enhanced by technology. We argue that these types of games should make minimal use of handheld displays, as this forces children to abandon physical activity; looking down on a screen, does not go together with wildly running around. Hence the name of the games: Head Up Games (HUGs). The defining characteristics of HUGs are:
• Technology and game design. Technology must be simple and work reliably so that its usage becomes transparent. We accept the argument that limitations (seams) [3] exist in most forms of technology and designers ought to address them, but we feel that current research prototypes in the field of pervasive gaming have focused too much on exploring the potential of new technologies rather than serving the purposes of game design. Simpler and more robust technologies can support pervasive gaming for children adequately, avoiding the pitfalls relating to technology imperfections.
• Minimal installation. If we look at current outdoor games, we see that the toys used are easy to bring along, and play with anywhere, anytime. We should keep this in mind when applying technology in HUGs.
• Imagination vs. visualization of virtual worlds. Traditional play relies heavily on a child's imagination: e.g., a broom stick can easily turn into a horse. Vygotsky (in [8] ) stresses the importance of symbolic play, i.e. without explicit visualizations, as this presumably lays the foundation for development of abstract thinking. Furthermore, using location awareness and PDA's to connect virtual to real worlds neglects alternative possibilities such as the use of sensors to sense motion, proximity, or contact, opening up a richer foray of interactions. In HUGs we aim to investigate these alternative possibilities.
• Rich, social interaction. In many multi-player computer games social interaction is limited to online chat, i.e. using the keyboard to convey messages. With HUGs, like traditional games, we aim to have children use a broader range of social interactions, like spoken language and body language.
Camelot
Camelot [9] represents a first attempt to design a head up game. It was developed over a course of 4 months, and during development it was repeatedly evaluated with a group of 10 children between 7 to 10 year old (see Figure 1) . In Camelot children compete in two teams to build a castle. To this end, the teams have to gather different types of resources that are spread around in zones on the play field. The first team to complete the castle wins the game. Randomly during the game, a ghost appears and tries to steal resources from the teams. No display technologies were used in Camelot. Instead, small devices (collectors) were designed to acquire resources from the zones. For communication purposes, each collector and zone was equipped with infrared technology. Hence, there was no need for a centralized computer system. The collectors weighed very little and were easy to run around with for the children. Also, the zones were portable, so the game could be played anywhere. As Camelot was played in teams, players needed to discuss tactics to win the game. This automatically led to social interaction between the players. The evaluations showed that fun came from the social interaction, the competition between the teams but also the suspense added by the unpredictable appearance of the ghost.
Discussion and Conclusion
In his motivation for "La Casa Prossima Futura" [5] , Marzano envisioned that with ambient intelligence technology: "The home of tomorrow will look more like the home of yesterday than the homes of today". This paper has sketched HUGs as an analogue to Marzano's vision in the world of pervasive games, where currently fun appears to be subordinate to concerns for the operation of technology. After the initial fascination with pervasive technology, the scene is set for designing games that provide entertainment in ways familiar, in settings where games have always been played and supporting the patterns of play that have traditionally been found when children meet outdoors to play together. We have argued in favor of this vision and outlined what we believe to be the defining characteristics for Head Up Games. We have discussed Camelot, an example of such a game. In our future research we plan to design more instances of HUGs in order to explore their possibilities and limitations.
